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AEHODYHAKIC CHAEACTEF.ISTICS 0? A SLOT-LIP AILEP.OE AITD 
SLOTTED FLAP TOR DIVE BRAKES 
By J. 11. Eo?allo 



SULTiAHT 



Section aerodynanic characteristics of an 1TACA 23012 
airfoil with a slot-lip aileron and slotted flap hare been 
determined over a lar^e range of flap and aileron deflec- 
tions. The results, which are presented in charts, indi- 
cate that these devices may he combined so as to provide 
satisfactory dive control. Additional tests are recom- 
mended for determination of the buffeting effects. 



INTRODUCTION 



At the request of the Bureau cf Aeronaut! cs , the HACA 
has undertaken an extensive investigation for the purpose 
of developing devices suitable for Uniting the diving 
sposdfl of airplanes. Ay a pert of thi3 investigation, a 
study la being r.ade of test results obtained during the 
development of devices designed primarily for other pur- 
poses, such as hi^h lift or lateral control, but which nay 
also be used for dive control. The slot-lip aileron is 
one of these dual-purpo ce ."evicos that shcrs considerable 
prorise, particularly for airplanos incorporating full- 
span slottod flaps. Soction data of a clot-lip ailoron in 
conjunction with an 1TACA slotted flap on an iJACA 23012 
wing were dot orrined during a previous investigation (soo 
roforenco l) but woro not made available Thono results 
have been reanalyzed and are herein presented in a form 
that should make then convenient for design purposes. 



APPARATUS AjD TESTS 



The apparatus and tests have boon described in refer- 
ence 1. Briefly, the 3- by 7-foot model (see fig. I for 
cross section) was mounted in the 7- by 10-foot closed- 
throat wind tunnel (described in reference 2) so as to 
completely span the test section. The flap installation 
was that designated as 2-h in reference 2 and the flap 
was operated alon^ the recommended optimum path. The ai- 
leron hinge moments were determined by means of a torque 
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rod "balance, The tests were run at an air speed of a "bout 
80 niles per hour, corresponding to an average effective 
Reynolds nunber of 3,500,000. 



EESTJLCS AHD DISCUSS 1 0E 



In the presentation of results, tho following symbols 
are used: 

c^ section lift coefficient, 1/q.c 

c a ' section prof ile-dra*; coefficient, d/qc 
o 

c n/ section pitchin«f-nonent coefficient a"bout 

^a.c.) 0 aerodynanic centor of airfoil with flap 
and aileron neutral, n/qc^ 

c^ slot-lip aileron section hin^o-nonent coeffi- 
cient, h alr /qc 3 i3 



whore 



and 



I section lift 

d section profile drag 

n section pitching nonent 

h g ^ slot-lip aileron section hin^e nonent about 
the aileron hinge 

q dynanic pressure, %pV s 

a airfoil chord including flap 

c 0 ^ slot-lip aileron chord neasured along the 

airfoil chord line fron the hin^e axis of 
tho aileron to the trailing edge of the 
aileron 

a Q section angle of attack 

6^ slot-lip aileron def^ac*ian fron neutral, 
K ' positive when trailin? edge aoves down 

fl f slotted flap deflection fron neutral, posi- 
tive when trailing edge noves down 
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The lift has been corrected for tunnel effects, as 
explained in reference 2. No dra«; corrections have been 
uade except for turbulence. As explained in reference 2, 
the' drat; 'data may he as ouch as 10 -percent high. 

The section iift, drag, and pit ching-nonent coeffi- 
cients of the conplete wing and the section hinge-nonont 
coefficient of the slot-lip aileron, over a wide range of 
deflection, of the flap and of the aileron, are <;iven in 
figures 2 to 7. because the characteristics at and near 
zero lift wore considered of particular Interest to the 
divo-brake deelgner, tho results for zero lift have boon 
roplotted in a norc concise forn for flap deflections less 
than 30°. (Sec fig. 8.) jpron this chart the flap and ai- 
leron doflyctions noco-jsary for ^Iven soction drag and 
moncnt coefficients, or drag and angle of attack, nay ho 
detorninod. 3Ithor tho angle of soro lift or tho pitching^ 
nonont coofficiont nay ho hold constant as tho flaps aro 
deflected; unfortunately, those two conditions cannot he 
satisfiod simultaneously. 

Although the tests -./ore nado with the flap and aileron 
deflected uniforclr cvor tho entiro span of the r.odol, it 
rill ofton ho dcsirahlo in a practical Installation to vary 
tho npr.n of the ailorcn relative to that' of the flip, Tho 
charact eristics of nuch rui r.rrangonont nny bo ootir.atod 
fron tho data prcsontod. 

The relationship between drag coefflciont, win-; load- 
ing, and indicatod voloclty for r.n airplane In a vortical 
divo is shown in figure 9. For cthor diving angles tho 
velocity given , by tho chart Ehould bo nultipliod by tho 
squaro root of the sine of tho diving angle, referred to 
the horizontal. With a wing loading of 25 pounds por 
squaro foot, the Indicated torninal diving speed will be 
United to 250 miles per hour by an airplane drag cooffi- 
ciont of 0.16. (Sod fig. 9.) It should bo possible to 
attain this drag coofficiont If tho slot-lip aileron is 
given sufficient span and defloction. In laying out the 
design, tho engineer should renor.oor that tho drag data 
presonted may bo about 10 porcent hiqh, as previously nan- 
tionod. 

i. . The naxinun soction lift coofficiont was greater than 
1.1 for any of tho arrangements tcstod. (See figs. 2 to 
7.) It is prosunod that this lift coefficient will bo ad- 
equate for tho pull-out. 
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The computation of lat oral-control characteristics 
fron the soction data by tho r.othcd employod in referonco 
1 is not reconnended for this type of device. A recent 
investigation (see reference 3) indicates that the method 
is not directly applicable . 



COJTCJIiUDIUCr HE!ilEKS 



Che data presented indicate that slot-lip ailerons 
and slotted flaps nay "be combined eo as to provide satis- 
factory dive control. These data, however, -iive no indi- 
cation of the tendency of the arrangement to induce flut- 
ter or buffeting, a tendency known to exist in many pro- 
posed dive-control devices. Before application to a pro- 
duction model is considered, additional flight or rind- 
tunnel test should "be made -o determine the "buffet in? ef- 
fects. 
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Figure 1.- Slot-lip aileron on wing witn slotted flap. 
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Figure 9.- Indicated terminal diring apeede of airplanes with 
yarlous wing loadings and drag coefficients. 
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